soft tissues, and the total blood flow is con-
sequently increased (see Singer et al, 1978).

(e) Liver failure. The cause of increased
blood flow in liver failure is uncertain: it may
be due to the vasodilator effects of accum-
ulated metabolites, or of compounds absorbed
from the gut, which are normally removed
from the blood by the liver cells.

In these various conditions, increased cardiac
output is associated with a lowering of arter-
iolar tone: the pulse is bounding (of high amp-
litude) and the skin is warm and pink. The
mechanism of these changes is complex and
not fully understood: the autonomic nervous
system, vasomotor centres, adrenal cortex and
medulla, local effects of tissue metabolites,
baro- and chemo-receptors, are all involved. If
long continued, as in untreated hyper-
thyroidism, the increased work of the heart
is likely to lead to 'high-output1 cardiac failure,
particularly in older people and especially if the
heart is already handicapped by coronary
artery disease or other abnormalities.

Locally increased blood flow

The outstanding example of a pathological in-
crease in local blood flow is acute inflammation,
in which arteriolar dilatation results in active
hyperaemia (p. 45) and the characteristic
warmth and erythema of the inflamed tissue.
Active hyperaemia occurs also following a
period of temporary obstruction of the circula-
tion: this is important when the local circula-
tion is arrested to facilitate a surgical opera-
tion, e.g. on a limb, for hyperaemia develops
gradually, and small vessels which do not bleed
immediately after the circulation is restored
may subsequently do so.

Reduction in total blood flow

This is a feature of heart failure, in which the
heart is incapable of maintaining the normal
output. The condition may occur acutely,
usually as a result of myocardial infarction,
or chronic heart failure may result from in-
adequate function of the myocardium, usually
due to coronary artery disease or to increased
workload as in valvular lesions or pulmonary
or systemic arterial hypertension. Chronic
heart failure is often progressive; the heart is
incapable initially of supplying the increased
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output required during physical activity, etc.,
but eventually it may fail to maintain an ade-
quate circulation even at rest.

Reduced cardiac output is also the major
feature of the acute condition of shock, in
which grossly inadequate tissue perfusion can
be fatal (pp. 260-5).

The cardiac output is also reduced in states
of general metabolic depression, the commonest
example being hypothyroidism, but in this
instance it simply reflects the reduced require-
ments for tissue perfusion and is not of patho-
genic importance.

The serious effects of heart failure are due
very largely to defective tissue perfusion, which
impairs the functions of all the organs. There
are, however, two important structural effects:
one is general venous congestion, from which
the term congestive heart failure is derived: it is
described below. The other is an increase in
extravascular fluid, giving rise to oedema,
which is described on pp. 253 et seq.

Local reduction in blood flow
(local ischaemia)

This is of extreme importance since it accounts
for a high proportion of cardiac and cerebral
disease. Reduction of flow is usually due to
arterial narrowing, or complete obstruction by
thrombosis or embolism. These latter processes
are described on pp. 235-45, and local
ischaemia on pp. 245-51.

Local ischaemia can result also from venous
obstruction, when it is accompanied by local
venous congestion and commonly by oedema.

Venous congestion

When the heart fails to expel the normal
amount of blood, arteriolar tone in general in-
creases and a greater proportion of the blood
accumulates in the venous compartment, which
is readily distensible. This, together with an
increase in blood volume (the mechanism of
which is poorly understood) causes the veins to
become engorged with blood. Systemic venous
congestion, i.e. engorgement of the systemic
veins, is most severe when the failure is pre-
dominantly of the right ventricle, as occurs in
narrowing (stenosis) of the pulmonary valve
orifice and in various diseases of the lungs
which interfere with pulmonary blood flow.